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Amylase activity of groundnut with reference to gamma radiation in the range of 10 to 120 Kr units and the period of germination has been discussed. Dry seeds contain little amylase activity. Amylase activity is found to increase with period of germination and after reaching a maximum value it once again decreases. Radiation has inhibitory effect on the activity. Amylase activity is newly formed during sprouting of seeds. Ascorbic acid produced during germination of these seeds also inhibits the amylase activity.
In the early literature extensive work has been reported on the study of amylase activity of nonoleaginous seeds during germination. K o j u r o A r a i 1 reported that in case of white potato, amylase in creased from the 3rd. day after planting, reached a maximum on 5th day, and decreased after that date. A relation between the amount of amylase produced and the growth of buds was observed. F le m in g et al. 2 concluded that germination time was the most important factor influencing enzyme production in wheat. F e je r -K o s s e y 3 noted that the amylase acti vity of beans, peas, corn and vegetable marrow, in-creased during the 1st. eight days of germination.
D r e n n a n and B e r r i e 4 have also reported that amy lase activity increased considerably during the first few days in germination conditions in case of the genus Avena. and further showed that development of increased amylase activity is a post-germination change. Further, H o f m a n n et al. 5 have pointed out that amylase increased approximately 3 to 4 fold during seedling development and then diminished.
Thus the review of the literature cited above shows that amylase activity increases during ger mination of non-oleaginous seeds. Little work has been reported on the behaviour of amylase activity during germination of irradiated oleaginous seeds. The present work, which forms a part of the in vestigation to study the change in glyceride com position of the gamma irradiated groundnut, has been undertaken to throw some light on the be haviour of the said activity.
Materials and Methods

Germination:
The groundnut (Arachis Hypogaea) seeds used for the present study were of AK-12/24 variety obtained from the Junagarh Research Farm (Gujarat State, India). Radiation was applied from a 60Co source located at the Atomic Energy Establish ment -Trombay, Bombay (India)*. Dosages of 10, 30, 50, 70, 90 and 120 Kr. units were applied in the gamma radiation experiment. Irradiated as well as con trol seeds were weighed individually and germinated in chemically purified and sterilised sand. The germina tion was carried out under laboratory environments at constant temperature of 25 + 1 °C. The periods of ger mination selected for the purpose were: 0, 1, 3, 6, 12, 20 and 30 days. Distilled water was added in a meas ured quantity to germinating seedlings daily at fixed interval. No nutrients were added during germination.
Preparation of Enzyme:
At the end of each specified period, the germinating seedlings were removed from the sand, cleaned with cold distilled water. The cleaned seedling was crushed in a mortar with pestle to a fine paste, with cold acetone. The homoginates were filtered in the cold and further washed with cold acetone till free of oil. The filterate was utilized for the study of fat composition by GLC technique. The plant material was dried in a vacuum desiccator and stored in cold, until ready for assay. Acetone powder from ungermi nated seeds was prepared by the same method. The acetone powder was used as a source of enzyme.
Amylase Assay: Amylase activities were determined using the procedure described by W i l l s t ä t t e r et al. 6 with modifications as under:
Reaction mixture, consisting af 25 ml. of 1% starch solution, 4 ml. of 0.1 M phosphate buffer (pu -5.58) and 50 mgs. enzyme powder, was taken in an Erlenm e y e r flask and incubated at room temperature (28 C) for one hour. At the end of incubation period, the digestion of starch was stopped by adding 1 ml. of I N HC1. Then 20ml. of 0.1 N iodine solution, fol lowed by an excess of dilute NaOH were added. After 15 minutes dilute H2S04 was added in excess and the left over iodine was titrated against 0.1 N sodium thiosulphate solution. The blank was determined by the same method except that the enzyme was added at the end of incubation period and the amount of thiosulphate required was determined. The amount of 0.1 N thio sulphate required for the test experiment concerning the activity, was subtracted from that of the blank determination. This gave the amount of 0.1 N thio sulphate corresponding to the activity of the enzyme.
In order to know the amount of maltose formed in the test solution, the procedure was standardized against standard maltose solution. Thus from the knowledge of the amount of thiosulphate required, the corresponding amount of maltose produced by one gm. weight of the original seed was calculated.
Results
The effect of germination on amylase activity has been studied by germinating a special variety of groundnut (Arachis Hypogaea) irradiated as well as unirradiated (control) seeds, in sterilized sand as described. The seeds were germinated in the labo ratory under optimum light condition. In order to see the effect of light on the enzyme the unirradiated seeds were also grown in dark. The temperature was maintained approximately the same in both the con ditions. The amylase activity of the acetone powders determined is based on the quantity of reducing sugars formed. The results of the present work have been indicated in Figs. 1 and 2 . Fig. 1 shows the influence of period of germination on the develop ment of amylase activity, wherein the data presented in Fig. 2 . indicates the behaviour of the activity with the different dosage of gamma radiation.
Little activity is present in the dormant seeds, similar is the case in the initial stages of germina tion i. e. upto the third day. Thereafter the activity * The data referred to in this paper on irradiation were ob tained with the gamma ray and sterilization unit presented by the Government of the U.S.A. 0 R. W i l l s t ä t t e r and G. S c h u d e l , Chem. Ber. 51, 780 [1918] . increased considerably with the increase in period of germination (Fig. 1) . In case of all the seeds the activity attains maximum value on different period of germination. The Amylase of the seeds grown in dark reached maximum value on 12th day of ger m ination and is higher than that of all the seeds grown in optimum light condition. The period of attaining maximum value for control seeds varies from 8 to 12 days of germination. In case of ir radiated seeds, only the seeds exposed to 10 Kr. attained the maximum value on 12th day of ger mination, while the seeds irradiated to different dosage levels attained the maximum activity on 20th day of germination. There is no remarkable variation in amylase of control seeds and seeds ex posed to 10 Kr. unit, at their respective maxima.
Further, the study of Fig. 2 reveals that in general, the activity, of the control seeds for a given period of germination, is higher than that of seeds ir radiated to different dosage levels. The activity of irradiated seeds, except that of seeds exposed to 10 Kr. units has the following trend. The activity obtained on the 20th. day of germination > that of 12th. day > 30th. day > 6th. day of germination.
Discussion
The results of the present work indicate that the dormant seeds possess little amylase activity. After third day of germination there is an increase in amylase activity, and this is% true for the irradiated as well as unirradiated seeds. The increase in acti vity continues for several days and reaches a maxi mum activity which is several times higher than that of the dry seed. After reaching a maximum value there is a decline in the amylase activity of the germinating seedlings. This observation is in agreement with that of D r e n n a n et al. 4 in case of the genus Avena.
The rate of increase in amylase activity is dif ferent with irradiated and unirradiated seeds. After the third day of germination there is a rapid in crease in amylase activity of the control seeds grown in light. The control seeds grown in dark do not show such characteristic increase of activity. The production of amylase is higher in control seedlings grown in the light over that of seedlings grown in dark. This difference in the production of amylase activity may probably result from the more active metabolic state of the plant grown in light. A p parently it seems (Fig. 1) that the amylase activity of the seeds grown in dark has higher values than that of control seeds grown in light. But from the rate of increase in both the cases it may be possible that the control seeds grown in light on account of its more active metabolic state may obtain maximum value at an earlier period. This period may be eight or ninth day of germination (shown by dotted lines in Fig. 1 ), which is not taken into consideration in the present work.
Radiation has specific effect on the meristematic activity of the germinating seeds. This is visualised from the rate of increase of amylase activity of the irradiated seeds. In this respect the view of M e i s e l 7 is supported in that the radiation damaged the nucleus and interferred with the functions of the pro toplasmic structure including the mitochondria, which responded differently to radiation. The inter fe r in g effect of radiation is found to be in increasing order with the increase in dosage levels. Seeds ex posed to 10 Kr. unit show a little effect of radiation, and as germination proceeds the interferring effect is neutralized. That is why the amylase activity of these seeds attains maximum value earlier than that of seeds exposed to higher gamma doses.
From the study of Fig. 2 , on the development of the amylase activity with the various dosage level and fixed interval of germination, it is observed that in case of six days of germination, the activity of the control seeds is higher and decreases remarkably with the applied radiation. In this case radiation damages are caused to the same extent for all the doses. The radiation damage becomes more pro nounced as the germination proceeds to higher period.
The amylase activity might be newly formed in cotyledons of sprouting seeds because the dry seeds possess little activity. This view is in accord with the observations of P r o s k u r y a k o v et al. 8. From the study of enzyme synthesis and its inhibition by anti biotics in cotyledons of sprouting peas, they have shown that amylase is greatly affected by the treat ment of seeds with antibiotics indicating that the enzyme is newly formed during sprouting.
It has been further experienced that in the pro duction of amylase activity, other metabolic factors also play a great role. It has been mentioned by R o w e et al. 9 that ascorbic acid inhibited /?-amylase activity. This is corroborated by the studies on ascorbic acid (AA) and ascorbic-acid oxidase (A A O ) of the same seeds *. In case of seeds grown in dark, grown in light and exposed to 10 Kr. unit, Nauk. SSSR 146, 464 [1962] ; cf. C. A. 58, 1726<i [1963] . a maximum value for A A is obtained on third, twelfth and sixth day of germination respectively. The corresponding amylase activity attained m axi mum value on 12th, 9th and 12th-day of germina tion. Similarly for the seeds irradiated to different dosage levels, maximum A A is obtained on sixth day in case of 30 and 50 Kr. units and for the rest of the dosage levels maximum A A is obtained on 12th day of germination; while the maximum value of amylase activity is achieved on 20th day of ger mination. This clearly indicates that the A A contents of these seeds reached maximum values earlier than the corresponding period required by the amylase activity. Therefore on account of the inhibitory action of AA, the production of amylase activity might have been suppressed in the early stages of germination.
Another inference of the findings is that starch content * of the irradiated as well unirradiated seeds generally goes on increasing with the period of germination. But there is a rapid decrease in starch content of these seeds on the day when maximum amylase activity is obtained. Thus it might be as sumed that starch is utilized as a metabolite during germination.
